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The$importance$of$mul=ple4ion$species$kine=c$effects$was$
studied$using$a$D:3He$fuel$ra=o$scan$in$shock4driven$implosions$

Multi-ion plasma: Single ion plasma: 

D3He$ D$

Fuel$density:$$
3.3$or$0.4$mg/cc$

2.3 µm SiO2 

Selected densities & mixtures 
of D3He fuel 

Rinderknecht, et al., PRL 114, 025001 (2015) 

M. Rosenberg, 
this morning 
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In$low4density$implosions,$ion$temperatures$exhibit$unexpected$
trends:$<Ti>$is$anomalously)constant)with$fD$

DD-neutron <Ti> D3He-proton <Ti> 
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For$low$gas4density$implosions,$an$empirical$thermal$decoupling$model$
(T3He$≠$TD)$was$fit$to$the$temperature$data;$yields$are$bePer$reproduced$

“2-Ti” 

Fit “2-Ti” model to temperatures 
Single-fluid hydro 

Single-fluid hydro 

T3He / TD   = 1.3 ± 0.1 
Ti multiplier  ~ 0.61 ± 0.02 
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For$low$gas4density$implosions,$an$empirical$thermal$decoupling$model$
(T3He$≠$TD)$was$fit$to$the$temperature$data;$yields$are$bePer$reproduced$

“2-Ti” 

Deuterium Fraction (fD) 

Fit “2-Ti” model to temperatures 
Single-fluid hydro 

Single-fluid hydro 

0.5 

1 

1.5 

2 

0 0.5 1 

0.4 mg/cc                  

D
D

-n
 Y

O
C

 (n
or

m
al

iz
ed

) Improved modeling of yields 

Single-fluid 
hydro 

0.5 

1 

1.5 

2 

0 0.5 1 D
3 H

e 
YO

C
 (n

or
m

al
iz

ed
) 

0.4 mg/cc                   

“2-Ti” 

Single-fluid 
hydro 

T3He / TD   = 1.3 ± 0.1 
Ti multiplier  ~ 0.61 ± 0.02 
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… but thermalization time is on the order of collision time –  
this finding implies the species are not self-equilibrated! 

Does thermal decoupling make sense for these experiments? 

✓ 

   Ion-ion equilibration times at fD = 0.5:  
     τD/3He  ~ 330 ps  
     τD/D  ~ 980 ps >  τburn = 180 ps ✓ 
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Target 
 

Fuel (DT) 

Thought$experiment:$the$hydrodynamic$picture$assumes$shock$
stagna=on$prior$to$the$decelera=on$phase…$

DT ice layer 
Central DT plasma 
Ablating CH shell 

1. Incoming shock 

2. Shock stagnates 

Hydro: 
PHS, VHS 

shock 

3. Ice decelerates on core plasma 
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Target 
 

Fuel (DT) 

Thought$experiment:$a$fully)kine0c$(i.e.$collisionless)$low4density$$
DT$plasma$inside$the$DT$ice$layer$could$alter$decelera=on$phase$

DT ice layer 
Central DT plasma 
Ablating CH shell 

1. Incoming shock 

2. counterstreaming ions 

2. Shock stagnates 

3. Kinetic energy deposited in ice:  
altered hotspot formation; 

increased adiabat likely 
 

Hydro: 

Kinetic: 

PHS, VHS 

Eheat ≤ PHSVHS 

shock 

3. Ice decelerates on core plasma 
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!  LowIdensity$implosions$(0.4$mg/cc)$exhibited$anomalously$constant$<Ti>$as$
deuterium$fracQon$was$changed$

—  This$is$a$signature$that$D$and$3He$were$not$equilibrated$during$fusion$

!  A$model$with$T3He/TD$>$1$beUer$reproduces$both$the$observed$<Ti>$and$yields$

!  Thermal$decoupling$implies$nonIthermalized$ion$populaQons,$with$potenQal$impact$

on$energy$balance$in$the$core$of$the$igniQon$design$prior$to$deceleraQon$phase$

Summary:$$
Thermal$decoupling$of$ion$species$was$observed$in$nuclear$data$
from$low4density$implosions$on$OMEGA$
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Appendix$–$Ion$thermal$decoupling$
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Rapid equilibration (fluid): 
τeq << τburn 
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 fD = 0.8 

Since$the$shock$heats$the$ion$species$differen=ally,$
equilibra=on$rate$affects$the$burn4averaged$ion$temperature$

<Ti> ~ constant 
(as observed) 

<Ti> ~ (3 – fD) 
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In$low4density$implosions,$ion$temperatures$exhibit$unexpected$
trends:$<Ti>$is$anomalously)constant)with$fD$

DD-neutron <Ti> D3He-proton <Ti> 
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**Single-fluid + “Reduced Ion Kinetic” models incl. diffusion; see N. Hoffman tomorrow 
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The$“burn4averaged$deuterium$frac=on”$was$calculated$from$nuclear$
observables,$confirming$simulated$diffusive$species$separa=on$

This is the first direct evidence of  
ion species separation in an ICF implosion 

fD (t0) = 50%  !   fD (tburn) = 33% 
Simulations by Nels Hoffman, LANL 
(see presentation tomorrow) 

“Reduced Ion Kinetic” (RIK) 
simulated ion density profiles 
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